Objective: To examine the extent to which the regional and neighborhood distribution of HIV in Tanzania is caused by the differential distribution of individual correlates and risk factors.
Introduction
Research over the past decade has emphasized the importance of socioeconomic contexts for individual health [1] [2] [3] [4] [5] . There is currently a large body of empirical research that shows an association between neighborhood context and individual health and mortality [6] [7] [8] [9] . Few systematic analyses of the potential impact of residential contexts on HIV in Africa have been undertaken, even though the importance of context has been emphasized in qualitative investigations and community-specific studies of the HIV epidemic in Africa [10, 11] . For example, sociopolitical factors including war, poverty and cultural traditions have been argued to be major drivers of the spread of HIV in Kagera (Tanzania) [12] . Community characteristics such as social capital, community employment and educational opportunities have been shown to be associated with HIV infection and sexual risk behavior among youth in South Africa [13, 14] . Urbanization, population mobility and transportation networks, civil conflicts, poverty and cultural factors also have been identified as distal determinants of HIV [15, 16] . Studies conducted in Mwanza (Tanzania) have found HIV prevalence to be four times higher at a trading center compared with surrounding rural villages [17, 18] . The level of economic and social activity (e.g. trading), high mobility of the population, a high bar worker to male ratio and proximity to the town of Mwanza were the main community factors associated with an increased risk of HIV [17] [18] [19] . Studies in Tanzania, as well as Uganda and South Africa, have found that residing in close proximity to mining areas and major road and transportation networks was also associated with a high prevalence of HIVand sexually transmitted infections (STI) [20] [21] [22] . In contrast to the above localized studies, the African fourcity study observed that the differences in HIV prevalence across the centers were the result of differences in the prevalence of circumcision and herpes simplex virus type 2, thus suggesting that geographical variation in HIV is largely caused by the differential distribution of individual risk factors and behaviors, compared with factors that could be truly contextual [10, 11] .
In this study, we build upon the limited evidence base (largely based on local community-specific studies using qualitative methods) that exists on the question of whether geographical variations in HIV are mere reflections of the distribution of individual risk factors and correlates of HIV (i.e. compositional-based explanation for the geographical variation in HIV) or are the geographical differences independent of the distribution of individual determinants (i.e. contextual interpretation of the geographical variation in HIV) [1, [23] [24] [25] . Importantly, we do so by utilizing the most recent, large, nationally representative, multilevel dataset from Tanzania on objectively diagnosed HIV.
Methods

Data
We analysed data from the 2003-2004 Tanzania HIV/ AIDS Indicator Survey (AIS), the first nationally representative HIV seroprevalence survey carried out in Tanzania [26] . The AIS utilized a two-stage sampling design, which involved the selection of clusters followed by the systematic sampling of households from mainland Tanzania. Men and women in the selected households, aged 15-49 years were eligible for the survey, which resulted in a response rate of 91% and 96%, respectively. Anonymous HIV testing was performed with informed consent of all eligible survey participants, and the response rates were 84% and 77% for women and men, respectively. Further details on sampling and testing procedures can be found in the final report of the AIS survey [26] pp. 3-6. We also considered a regional-level socioeconomic indicator (regional percentage poverty), which was obtained from the 2000/2001 Tanzania Household Budget Survey [27] . After excluding subjects missing data on variables of interest (see Table 1 ), the final sample size used in this analysis was 8010 men and women.
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Individual covariates
At the individual level several variables were considered, which included socioeconomic status represented by four separate variables: household standard of living index, educational attainment, occupational status, and place of residence. The household standard of living index was defined in terms of the ownership of material possessions and assets, which has been shown to be a reliable and valid measure of household material wellbeing [28] . Each individual was assigned a standard of living score based on a linear combination of the scores for different items that were recorded for the household in which the person resided and weighted according to a factor analysis procedure. The weighted scores were divided into quintiles (poorest, poorer, middle, richer and richest) for the analytical models [29] . Educational attainment was categorized as no education, primary school education, and secondary education or more. Occupational status was specified as unemployed, professional job, agricultural labor, and manual labor. Place of residence was categorized as capital city, small city, town, and rural area. Sociodemographic characteristics including age, religion and marital status were also considered as covariates in the analysis.
We also included biological and behavioral characteristics that are known to increase individuals' HIV susceptibility, and characteristics that might also vary across neighborhoods and regions. These included the presence of STI or genital discharge, condom use at last sexual contact, lifetime number of partners, alcohol use at last sexual contact, and perceived risk of contracting HIV. Previous HIV testing was also included as a proxy for previous HIV diagnosis as the survey did not collect this data.
Defining residential contexts
We defined geographical contexts at two levels: neighborhoods and regions. The primary sampling unit was used as a proxy for individuals' immediate residential context. Primary sampling units in the AIS were primarily villages or clusters of villages in rural areas, and wards in the context of urban areas. We also considered an additional macro context capturing the broader socioeconomic, political and cultural context within which individuals and neighborhoods operate. We included the level of poverty in a neighborhood or region as a summary variable capturing the overall importance of the socioeconomic context of a place. At the neighborhood level, we included the proportion of households in the lowest household standard of living index quintile, whereas regional poverty was the proportion of individuals living below the basic needs poverty line at the time of the survey [27] . The region of Manyara was assigned the mean poverty level of the other 20 regions, because it was not yet in existence at the time the Household Budget Survey was conducted in 2001-2002.
Data analysis
Multilevel statistical modelling techniques were used to partition the variation in HIV to different levels. The substantive as well as technical relevance of multilevel statistical procedures are well known [25, [30] [31] [32] [33] . The study had a three-level hierarchic structure with 8010 individuals (level 1), within 345 neighborhoods (level 2), within 21 regions (level 3). Given the hierarchical structure of the sample and the binary outcome, a logistic multilevel modelling approach was adopted. We estimated three models of the following specification with a binary response (y, diagnosed as HIV positive or not for individual i living in neighborhood j in region k of the form: p ijk : y ijk $ Bernoulli(l, p ijk ). For model 1, the probability p ijk was related to an overall mean and a random effect for neighborhood and region level, by a logit link function as:
The parameter b 0 estimates the mean log odds of being HIV positive across the sample. Meanwhile, the parameters u 0jk and v 0k represent the random differentials (from the overall mean) at the neighborhood and regional level, respectively. These random differentials are assumed to have an independent and identical distribution with variance estimated in the neighborhood (s 2 u0 ) and regional (s 2 v0 ) level. The variance estimates at model 1 estimates the unconditional or unadjusted variation that is attributable to neighborhoods and regions. To model 1 we then added individual-level covariates to the fixed part of the model as:
where bX represents the vector of regression coefficients associated with a vector of individual-level independent variables (X). Model 2 re-estimates the variance at the neighborhood (s 2 u0 ) and regional (s 2 v0 ) level after adjusting for the compositional make-up of the neighborhoods and regions. These estimates provide evidence for the presence of geographical variation that is over and above that which can be attributed to the distribution of observed individual factors. In addition, we also estimated posterior residuals at the regional level using models 1 and 2 in order to estimate the unadjusted and adjusted prevalence of HIV in the different regions of Tanzania. To model 2 we then added contextual variables measured at the neighborhood and region, separately as:
with the parameter a giving an estimate of the change in the response for a unit change in the neighborhood or regional poverty variable. Penalized quasi-likelihood approximation with a second order Taylor linearization procedure was used to estimate all models [34] .
This study was approved by the Institutional Review Board of the Harvard School of Public Health.
Results Table 1 provides the frequency as well as the prevalence of HIV by individual-level covariates showing substantial sample sizes as well as considerable patterning in HIV by individual covariates. Figure 1 maps Tanzania before controlling for the spatial distribution of individual correlates and risk factors. The prevalence of HIV is higher in two of the south-western regions, the capital city and two northern regions. Figure 2 shows the amount of variation attributable to neighborhoods and regions before (model 1) and after (model 2) adjusting for individual covariates. Before accounting for the differential geographical distribution of the individual covariates, 6% of the total variation in HIV was attributable to regions and 20% was attributable to neighborhoods. More than a quarter of the total variation was thus at the geographical level. Accounting for individual covariates did not explain any of the regional variation in HIV, but did account for some of the variation in HIVat the neighborhood level. Neighborhood variation in HIV prevalence was, however, still substantial and statistically significant, accounting for 14% of the total variation in HIV. Of the two geographical levels, neighborhoods seem to matter considerably more than regions in terms of influencing the patterns of HIV prevalence. Table 2 presents the model-based prevalence of HIV (along with the rank) for each of the 21 regions before and after adjusting for individual covariates. In unadjusted models, the two southern border regions of Iringa and Mbeya had the highest HIV prevalence at 15.5% (95% CI 14.9-16.1%) and 14.3% (95% CI 13.7-14.9%), respectively, followed by the capital city Dar es Salaam at 12.3% (95% CI 11.8-13.0%). The Kigoma region had the lowest HIV prevalence of all the 21 regions at 1.6% (95% CI 1.0-2.2%). Similar patterns were noted for the adjusted model-based prevalence, with the Iringa and Mbeya regions having the highest prevalence at 6.7% (95% CI 6.1-7.3%) and 5.9% (95% CI 5.3-6.5%), respectively. Notably the Kagera region, where the HIV epidemic was first observed in Tanzania more than 20 years ago had one of the lowest crude and adjusted model-based prevalences at 3.9% (95% CI 3.3-4.5%) and 2.6% (95% CI 2.0-3.2%), respectively. In adjusted models, Kigoma had the lowest prevalence at 1.6% (95% CI 1.0-2.2%). We should note that in the adjusted models, the prevalence pertains to the reference category (i.e. rural, currently married, Moslem men aged 40 years and above, with no education, employed in agriculture and in the poorest standard of living quintile, who did not use a condom at their last sexual encounter, did not have STI, had one lifetime partner, did not consume alcohol during their last sexual encounter and had never previously been tested for HIV). The unadjusted and adjusted prevalence, therefore, cannot be directly compared, because the reference category in the two models is very different. Consequently, we also ranked districts on their predicted HIV prevalence from unadjusted and adjusted models. The rank correlation between the two was high (r ¼ 0.58, P ¼ 0.005), suggesting that the regional distribution of individual covariates only moderately altered the regional geography of HIV.
We observed a statistically significant inverse association between area-level poverty and individual odds of being HIV positive at both the neighborhood (OR 0.24, 95% CI 0.09-0.61) and regional (OR 0.97, 95% CI 0.95-0.99) levels. Residual variation at both the neighborhood and regional level remained, suggesting the potential influence of other contextual variables. We also examined interactions between neighborhood and regional poverty and individual socioeconomic variables, and none were statistically significant and substantial. We also tested for a contextual effect of neighborhood-level and regionallevel education, and these two were not substantial and were statistically insignificant.
Discussion
This study investigated the extent to which geographical variation in HIV in Tanzania is a reflection of the differential distribution of individual risk factors and correlates. We found that neighborhood and regional variation in HIV in Tanzania was not caused by the differential distribution of individual correlates and risk factors. Rather, our study suggests the potentially independent influence of neighborhoods and regions on the distribution of HIV in Tanzania. Whereas levels of poverty at the neighborhood and regional level were independent predictors of HIV, substantial geographical variation remained unexplained. Further systematic research is required to explore the specific mechanisms operating at the level of neighborhoods and regions that may be pertinent for explaining the substantial geographical variation in HIV. We now discuss our finding within the larger context of what is known about the geographical variation in Tanzania.
More than 20 years ago, the north-western region of Kagera was the epicentre of the HIVepidemic in Tanzania. The first AIDS cases were reported there in 1983, and the first HIV seroprevalence study conducted in 1987 estimated the prevalence to be 24.2% in Bukoba urban district, one of the high-prevalence areas in the region [36] . The explosion of the HIV epidemic in that region was mainly attributed to the mobility of the Tanzania People's Defence Force as they helped wage a liberation struggle in neighboring Uganda [12] . Conflict, and the destabilization arising from it, has been identified as a key driver of the rapid spread of HIV in sub-Saharan Africa [37, 38] . In the intervening years, many HIV prevention initiatives were undertaken in Kagera to stem the epidemic. The prevalence as well as the incidence of HIV in Kagera has shown a steady decline from the mid-1980s to the present time, with the most recent prevalence estimated at 3.9%. This trend is partly the result of changes in people's sexual behaviors over time as a result of the concentrated intervention efforts in the region [36] . The fact that Kagera no longer has the highest HIV prevalence in the country and that the epidemic has now moved across the country to the southern regions of Mbeya and Iringa points to the complex and dynamic nature of the epidemic, and indicates that there is something about context that fosters the growth and movement of the epidemic within different areas in Tanzania.
Mobility associated with good road networks and transportation has also been identified as being linked to the rapid spread of HIV in southern and eastern Africa [21, 22, 37] . Our mapping of HIV prevalence in Tanzania shows that the regions with some of the highest prevalence (Mbeya, Iringa, Dar es Salaam, Pwani and Tanga) have transportation networks linking several eastern and southern African countries passing through them. Iringa and Mbeya are also along the border of two equally high HIV prevalent countries, Malawi and Zambia, as are the Kilimanjaro, Arusha, and Tanga regions, which border Kenya. A lot of cross-border travel occurs between these countries for a variety of reasons, including trade, tourism and employment-related migration [39] . The good road network between these countries facilitates transportation by long distance truck drivers, who are one of the high-risk populations in terms of HIV transmission. This is because travel places them and other mobile populations in close proximity to high-risk sexual networks, which in turn increases their chances of acquiring HIV and spreading within their sexual networks. Other community-based studies in Tanzania have found that high levels of economic activity, proximity to major roads and travel are associated with a higher prevalence of HIV, which may also partly explain the higher prevalence observed in neighborhoods that are wealthier. It is possible that individuals living in neighborhoods with higher HIV prevalence are part of wider social and sexual networks, which also increase their chance of being exposed to HIV [18, 40] .
Mbeya, Iringa, Dar es Salaam and Kilimanjaro are regions with the highest levels of socioeconomic wellbeing, yet, paradoxically, they have the highest prevalence of HIV. Studies in communities in the Mwanza region of Tanzania have shown that HIV prevalence increases with increasing social and economic activity in an area, which is related to mobility and involvement in high-risk and multiple sexual networks that may result from greater amounts of disposable income [17, 19] . Our findings of high HIV prevalence in wealthier neighborhoods and regions may be attributed to these factors. This may also be a potential explanation for the relatively high prevalence observed in the neighboring northern regions of Mwanza and Shinyanga, which have both seen the recent establishment of gold mines. Community-based studies in these mining areas found a high HIV prevalence among the communities surrounding the mines, especially among women [41] .
The considerable systematic variation in HIV at the neighborhood level clearly merits further research attention. One could conceptualize that both structural as well as normative pathways through local residential contexts may influence the prevalence and incidence of HIV. One counterintuitive finding at the neighborhood level (similar to what was observed at the regional as well as the individual level) was structural factors (e.g. economic resources, education, availability and accessibility of health services, poverty and affluence) that were associated with HIV in a paradoxical manner; neighborhoods with higher levels of economic wellbeing were more likely to have a higher prevalence of HIV. It is possible that normative factors, such as cultural norms, attitudes towards health behaviors, social control, and neighborhood social cohesion [42] [43] [44] may be more important protective factors.
The following two caveats need to be considered when interpreting the study findings. First, given the crosssectional nature of the data, we were unable to trace the trajectory of the HIV epidemic in any of the neighborhoods or regions, and are thus limited to describing our findings based on historical evidence of the HIVepidemic in Tanzania. Second, it is possible that unmeasured individual factors may partly account for the contextual differences observed in this study.
In summary, this study, to our knowledge, is the first to examine systematically and simultaneously the effects of context and composition on the geographical distribution of HIV in Tanzania. Whereas our study suggests strong evidence for independent contextual variation in HIV, further studies, qualitative and quantitative, are required to understand the specific aspects of places that influence the distribution of HIV. We emphasize the need to adopt both a group-based and a place-based approach, as opposed to the dominant high-risk group approach, for understanding the epidemiology of HIV as well as for developing HIV intervention activities.
